Among the genus Actinidia, Actinidia arguta possesses the strongest cold resistance and produces fresh fruit with an 13 intense flavor. To investigate genomic variation that may contribute to variation in phenotypic traits, we performed 14 whole-genome re-sequencing of four A. arguta genotypes originating from different regions in China and identified 15 the polymorphisms using InDel markers. In total, 4,710,650, 4,787,750, 4,646,026, and 4,590,616 SNPs and 1,481,002, 16 1,534,198, 1,471,304, and 1,425,393 InDels were detected in the 'Ruby-3', 'Yongfeng male', 'Kuilv male', and 17 'Hongbei male' genomes, respectively, compared with the reference genome sequence of 'Hongyang'. A subset of 120 18 InDels were selected for re-sequencing validation. Additionally, genes related to non-synonymous SNPs and InDels in 19 coding domain sequences were screened for functional analysis. The analysis of GO and KEGG showed that genes 20 involved in cellular responses to water deprivation, sucrose transport, decreased oxygen levels and plant hormone signal 21 transduction were significantly enriched in A. arguta. The results of this study provide insight into the genomic 22 variation of kiwifruit and can inform future research on molecular breeding to improve cold resistance in kiwifruit. 2 23
by depth < 2.0) were filtered to obtain clean reads. The detected SNPs were screened using the following criteria: 115 coverage depth ≥ 5X, discard the alleles > 2.
116

Various Gene Analyses and DNA-Level Functional Annotation
117
The identified genes with SNPs and InDels were subjected to BLAST searches against functional databases (Altschul 118 et al. 1997) . The NCBI non-redundant (NR), Swiss-Prot, Gene Ontology (GO), Clusters of Orthologous Groups of 119 proteins (COG), and Kyoto Encyclopedia of Genes and Genomes (KEGG) annotation databases were used to analyze 120 gene functions (Ashburner et al. 2000; Tatusov et al. 2000; Kanehisa et al. 2004) . For the enrichment test, significance 121 was evaluated based on a P-value ≤ 10 -5 and an FDR value ≤ 0.01.
122
InDel Primer Design and Validation
123
DNA was extracted using the Solarbio DNA Extraction Kit (Beijing Solarbio Science & Technology Co., Ltd, Beijing,
124
China) according to the manufacturer's instructions. Based on the re-sequencing results, we randomly searched every 125 chromosome for InDels based on an insertion or deletion size ≥10 bp. The InDel primers were designed using Primer 126 Premier 5.0; the parameters for InDel primer design were as follows: PCR product size: 200-500 bp; primer size: 18-127 24 bp; primer GC content: 40%-60%; and primer Tm: 55-60°C. In total, 120 primers were used, which are listed in 128 Supplementary Table 1 . PCR was performed using a PCR mix (Beijing ComWin Biotech Co., Ltd) in a 10-µl reaction 129 volume with the following components: 5 µl of the PCR mix, 0.5 µl of each primer, 1 µl of template DNA, and 3 µl of 130 ddH 2 O. The amplification program consisted of 35 cycles at 94°C for 5 min, 94°C for 30 s, 55°C for 30 s, and 72°C 131 for 30 s, followed by 72°C for 10 min. PCR amplification was performed in a thermocycler (Bio-Rad). The PCR 132 products were tested via 6% polyacrylamide gel electrophoresis (PAGE) under the following conditions: voltage: 80 7 133 V, and electrophoresis time: 2 h. Silver staining was performed, and the bands were photographed and analyzed.
134
PopGen32 and NTsys 2.10e software were used to analyze the polymorphisms.
135
Results
136
Evaluation of Cold Resistance
137
LT50 is used as a standard index to assess cold hardiness in plants (Ershadi et al. 2015) . According to our results, the 138 REL at different temperatures showed an acceptable 'S' curve; therefore, LT50 could be calculated using the logistic 139 sigmoid function method. According to the REL curve (Figure 1 ), A. arguta and A. chinensis showed an obvious 140 difference at -25°C; the REL was approximately 60% for 'Hongyang', and it was approximately 40%-50% for the A. higher in North China than that in Central China, and A. arguta exhibits greater cold resistance than A. chinensis.
147
Comparison of Reads to the Actinidia chinensis 'Hongyang' Reference Genome
148
In this study, we performed genome re-sequencing of four A. arguta genotypes as follows. A total of 72,865,383, 149 58,671,207, 58,281,578, and 69,620 ,711 clean reads (150 bp) were generated for 'Ruby-3', 'Hongbei male', 'Kuilv 150 male', and 'Yongfeng male', respectively; the distribution of each genome was widely uniform, and the sequence was 151 random (Supplementary Figure S1 ), which indicated good sequence quality. The GC contents were all approximately 152 38% (i.e., slightly higher than that obtained using the 'Hongyang' genome). Approximately 67.68% of the reads 153 mapped to the reference genome (Table 1 ). The double 'Hongyang' genome size was standardized to the A. arguta 154 genome size, and the average depths were 16, 14, 15, and 20 in 'Ruby-3', 'Hongbei male', 'Kuilv male', and 'Yongfeng 8 155 male', respectively. All sequencing data for the four A. arguta genotypes have been uploaded to NCBI (SRA accession 156 number: SRP118582), and the accession numbers are SRX3209765, SRX3209753, SRX3209750, and SRX3205072 157 for 'Ruby-3', 'Hongbei male', 'Kuilv male', and 'Yongfeng male', respectively.
158
Analysis of SNPs and InDels
159
Highly reliable SNPs were identified in the four genotypes. In total, 4, 710, 650, 4, 590, 616, 4, 646, 026, and 4, 787, 750 160 SNPs were identified in 'Ruby-3', 'Hongbei male', 'Kuilv male', and 'Yongfeng male', respectively. The four 161 genotypes exhibited overlapping and distinct SNPs (Figure 2) , with approximately 1 million different SNPs between 162 any two of the genotypes (Table 2) , and all the samples displayed different heterozygous and homozygous SNP loci.
163
A greater number of homozygous SNPs corresponds to a greater difference between the samples and the reference 164 genome. The percentages of heterozygous and homozygous SNPs were approximately 30% and 70%, respectively 165 (Table 3) to be similar among the varieties. The highest proportion was observed in intergenic regions, which accounted for 170~22.63% of the SNPs, followed by downstream regions (15.62%) and upstream regions (13.35%), while SNPs in 171 coding (CDS) regions accounted for 7.95%-8.21% of the SNPs (Table 4 ). Upstream regions included more SNPs than 172 CDS regions.
173
In total, 1,481, 002, 1,425,393, 1,534,198, and 1,534,198 InDels were detected in 'Ruby-3', 'Hongbei male', 'Kuilv 174 male', and 'Yongfeng male', respectively. The types of InDels are presented in Table 5 . The InDel length distributions 175 in the whole genome and in the CDS region are shown in Figure 4 . Along with InDels longer than 10 bp, InDels with 176 a length of one, two, or three bp accounted for a large proportion of all InDels, accounting for 70.42%, 75.86%, 65.26%, 9 177 and 70.33% of the InDels in 'Ruby-3', 'Hongbei male', 'Kuilv male', and 'Yongfeng male', respectively. A total of 178 1,005,226 InDels were unique in A. arguta relative to 'Hongyang' (Figure 5 ). Approximately 1.75% of the InDels were 179 located in CDS regions. In contrast to the results for SNPs in CDS regions, few InDels were present in these regions,
180
suggesting few insertions or deletions in A. arguta relative to A. chinensis. However, InDels occupied 15% of upstream 181 regions, including promoter regions ( Supplementary Figure 2) .
182
Gene Categories, Functional Annotation, and Differences
183
Mutations that occur in CDS regions may cause changes in gene function. By examining the non-synonymous SNP 184 mutations and InDels in CDS regions, we identified potential differences in functional genes between A. arguta and A. 185 chinensis. In total, 22, 112, 22, 443, 22, 077, and 21, 935 genes were analyzed in 'Ruby-3', 'Yongfeng male', 'Hongbei 186 male', and 'Kuilv male', respectively, using public databases, including the NCBI, NR, Swiss-Prot protein, GO 187 categories, COG, and KEGG databases. Detailed information regarding the functional annotation can be found in 188 Supplemental Table S2 . All the functionally annotated genes were classified into GO categories. The GO enrichment 189 classification suggested that the genes from the biological process (BP), cellular component (CC), and molecular 190 function (MF) categories could be divided into 20, 16, and 16 groups, respectively ( Figure 6 ). Based on these categories, 191 a clearer understanding of the genomic characteristics of these kiwifruit genotypes could be obtained. The most 192 abundant components of the BP category were "metabolic process", "cellular process", and "biological regulation". In 193 the CC category, the most abundant components were "cell part" and "cell", followed by "organelle" and "membrane".
194
Regarding the BP terms, many genes were classified into the "catalytic activity" and "binding" categories. The GO 195 category analysis also indicated that the genes involved in the cellular response to water deprivation (GO: 0042631), 196 sucrose transport (GO: 0015770), endosome transport via the multivesicular body sorting pathway (GO: 0032509), the 197 response to decreased oxygen levels (GO: 0036293), the response to oxygen levels (GO: 0070482), and the regulation 10 198 of cellular carbohydrate metabolic processes (GO: 0010675) were significantly enriched in the four genotypes
199
( Supplementary Table S3 ).
200
The KEGG pathway analysis showed enrichment of genes involved in 128 pathways, and 13 pathways were 201 significantly enriched (P-value <0.05) (Table 6) , including plant hormone signal transduction (ko04075), porphyrin 202 and chlorophyll metabolism (ko00860), and photosynthesis (ko00195). Under the application of a significance 203 threshold of a P-value <0.01, the only metabolic pathway that was enriched was 2-oxocarboxylic acid metabolism. In 204 total, 747, 534, 576, and 674 genes involved in the above pathways were detected, respectively.
205
Validation of InDels
206
To validate the InDels identified in this study, 120 InDels were selected and converted into InDel markers. In the PCR (Table 6 ). In total, 14 InDel markers were selectively amplified 213 ( Figure 7) , resulting in 43 polymorphic loci among the 11 germplasm resources, with an average of 2.87 loci per primer.
214
Shannon's diversity index ranged from 0.25 to 0.64, with a mean value of 0.47. The cluster analysis showed that all 215 the varieties could be divided into two categories, with a genetic similarity coefficient of 0.39; one category was 216 composed of A. arguta, and the other category consisted of the A. chinensis complex.
217
Discussion
218
The kiwifruit genome is complex and exhibits variations in ploidy. Actinidia species of different ploidies show diverse 
